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httcense.Abstract The status of the frontal sinus outﬂow tract is important in the management of frontal
sinus fractures. Anatomic and mucosal obstruction of the FSOT leads to mucociliary stasis with
consequent infectious complications. This has been evaluated by routine CT scan.
Objectives: The aim of this study was to determine the ability of MPR mainly the sagittal CT
images assessing the patency of FSOT in frontal sinus fractures.
Patients and methods: A prospective study was carried out from December 2008 to May 2012 on 19
patients with frontal sinus fractures. Reformatted sagittal views were done besides the routine axial,
coronal CT scan views as part of facial trauma workup. These views were assessed to determine the
status of the nasofrontal ducts (NFD) and compared with the operative ﬁndings.
Results: The patency of FSOT by sagittal CT reformatted images was the same as that of the oper-
ative ﬁnding in all cases (speciﬁcity and PPV were 100%) even in patients in whom FSOT in the
axial and/orcoronal views were doubtful.
Conclusion: Sagittal reformatted CT images are helpful in evaluating FSOT in frontal sinus frac-
tures due to their ability to evaluate the frontal sinus in anteroposterior and superoinferior dimen-
sions, thus aiding the surgical approach.
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The frontal sinus is the only paranasal sinus that is absent
at birth (1) and begins to form at the age of two years
reaching adult size at the age of 15 years .The size of the si-
nus reaches 30 mm tall, 25 mm wide and 19 mm deep with a
total volume of 10 cm (2). The frontal sinus drainage path is
made of three different regions and is usually shaped like an
hourglass. The upper portion of the hourglass is the frontalProduction and hosting by Elsevier B.V.
.01.006
Fig. 1
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tium. The lower portion is formed by the frontal recess or
the nasofrontal duct (NFD). The ostia of the sinus are pres-
ent on the inferior posterior portion of the sinus medially,
that are 3–4 mm in diameter and is the only drainage spot
for the sinuses. Each drain into its respective infundibulum
to the ethmoid sinuses. Only 15% of the populations actu-
ally have a true duct, the rest, 85% have a foramen (2–4).
The inferior portion of the frontal sinus (funnel-shaped and
commonly referred to as the frontal infundibulum), the frontal
ostium, and the frontal recess make up the frontal sinus out-
ﬂow tract (FSOT) (4).
Frontal sinus fracture is about 5–12% of facial fractures.
The treatment of frontal sinus fractures is of paramount
importance because of the anatomical relationship of the sinus
with the brain and the delicate periorbital region. The treat-
ment of frontal sinus fractures remains controversial. The pa-
tency of FSOT is the most important component in the
decision-making process for the management of frontal sinus
fracture (1,5).Fig. 1.
Computed tomography (CT) data play a pivotal role in the
classiﬁcation and surgical management of frontal sinus inju-
ries. Traditionally, evaluation of frontal sinus fracture and
the status of FSOT required an axial and coronal CT scan
of the paranasal sinuses. However, as the normal frontal sinus
duct typically courses in a superoinferior direction which couldFig. 2 (A) Coronal, (B) sagittal views showing LT frontal snot be achieved solely with coronal images (6,7), the sagittal
view may be the best view for evaluation of the FSOT. With
the advent of multidetector CT scanning, high-quality sagittal
images have become increasingly available. However, the util-
ity of these images in the assessment of FSOT patency has not
yet been established (6).
The aim of this study was to determine the efﬁcacy of refor-
matted sagittal CT views to assess the patency of FSOT in
frontal sinus fractures.
2. Patients and methods
Nineteen patients with radiographic evidence of frontal bone
fracture caused by motor vehicle accidents, falls, and blunt
trauma, were included in this study during the period from
December 2008 to May 2012. They attended emergency unit
then referred to the Otorhinolaryngology department after
neurosurgical evaluation and stability (no CSF leak at time
of surgical interference).
Non displaced anterior and/or posterior table fractures that
did not require surgery and treated conservatively were ex-
cluded from the study and only fractures needed surgical inter-
vention were included for operative conﬁrmation of FSOT
patency Fig. 2.
Informed written consent was signed by all patients.inus fracture of the anterior table with obstructed FSOT.
Table 1 Gender and age distribution in this study.
Variable Number (%)
Number of patients 19
Gender
Male 17 (89.5)
Female 2(10.5)
Age (years)
Mean 29 years
Age range 18–41 years
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All examinations were performed with a 64-slice CT scan
(Light speed volume VCT, GE medical system, Milwaukee,
WI, USA). The protocol of 64-slice MDCT was performed
with a detector width of 0.625 mm, a section width of
1.5 mm and an interval reconstruction of 0.5 mm.
Axial images were acquired and multiplanar reconstruc-
tions with delicate detail in coronal and sagittal planes were
obtained for all patients at a dedicated post-processing work-
station (Advantage Windows Volume share 4.5, GE Medical
System, Milwaukee, WI, USA).
2.2. Image analysis
The radiologists evaluate the CT images on separate sessions,
on all views, the patency of the FSOT and the type of the frac-
tures were evaluated.
2.3. Operative evaluation
Surgeons unaware about the results of the CT image were
reevaluating the FSOT during surgical repair under general
anesthesia.
The results of both imaging and operative examination
were ﬁnally compared.
2.4. Statistical analysis
Speciﬁcity, sensitivity, negative predictive value (NPV) and po-
sitive predictive values (PPV) for the results of MDCT were
calculated by using surgical results as a reference standard.
3. Results
Of the 19 patients included in this study, 17 were males
(89.5%) and two were females (10.5%). The age of theTable 2 Results of axial, coronal, and sagittal imaging in relation
Number Fracture tables Axial view Co
1 Anterior Opened NFD Op
2 Anterior & posterior Closed NFD Op
3 Anterior Opened NFD Op
4 Anterior Closed NFD Cl
5 Anterior & posterior Closed NFD Cl
6 Anterior Opened NFD Op
7 Anterior Opened NFD Op
8 Anterior Closed NFD Cl
9 Anterior Opened NFD Op
10 Anterior Opened NFD Op
12 Anterior & posterior Closed NFD Cl
13 Anterior Opened NFD Op
14 Anterior & posterior Opened NFD Op
15 Anterior Opened NFD Op
16 Anterior & posterior Opened NFD Op
17 Anterior Closed NFD Cl
18 Anterior & posterior Opened NFD Op
19 Anterior Opened NFD Op
20 Anterior & posterior Opened NFD Oppatients ranged from 18 years to 41 years (mean age
29 years) Table 1.
3.1. Surgical results
Seven patients had anterior and posterior table frontal sinus
fracture (36.84%), while 12 had anterior table fracture
(63.16%). Regarding the status of the FSOT 3 patients had ob-
structed FSOT (two patients with comminuted anterior table
fracture and one with comminuted anterior and posterior frac-
ture). The later three patients required surgical management
that included NFD addressing. The remaining patients re-
quired no surgical intervention regarding FSOT, Table 2,
Fig. 3.
3.2. Radiological results
The axial view showed obstructed FSOT in six cases
(31.6%), three cases of them were correctly diagnosed
according to intraoperative ﬁndings (speciﬁcity: 81.25% -
PPV: 50%) and the other three (15.8%) cases were false po-
sitive (obstructed). With coronal views, obstructed FSOT
was seen in ﬁve (25.3%) cases, three of them were correctly
diagnosed and the other two (10.5%) cases were false posi-
tive (speciﬁcity: 87.5% - PPV: 60%). There was a similarityto surgical ﬁndings.
ronal view Sagittal view Surgical ﬁnding of NFD
ened NFD Opened NFD Opened NFD
ened NFD Opened NFD Opened NFD
ened NFD Opened NFD Opened NFD
osed NFD Opened NFD Opened NFD
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Fig. 3 (A) Axial, (B) coronal, and (C) sagittal views showing RT frontal sinus displaced fractures of the anterior and posterior tables
with patent FSOT.
Table 3 Sensitivity, speciﬁcity, negative predictive value (NPV), positive predictive value (PPV) and accuracy of axial, coronal and
sagittal views for detection of FSOT patency.
Radiological view Sensitivity Speciﬁcity PPV NPV Accuracy
Axial view 100 81.25 50 100 84.2
Coronal view 100 87.5 60 100 89.5
Sagittal view 100 100 100 100 100
212 M.W. El-Anwar et al.between the sagittal imaging ﬁndings and the surgical results
with no false positive results (speciﬁcity: 100% - PPV:
100%), Table 3.4. Discussion
Frontal sinus fractures are relatively uncommon as they re-
quire high-impact force. Their treatment algorithm is complex
incorporating many factors in which the status of the frontal
sinus outﬂow tract (FSOT) is critically important (7). Ana-
tomic and mucosal obstruction of the FSOT can result in fron-
tal sinusitis often associated with frontal headache (6).
Obstruction of FSOT may also lead to mucociliary stasis withFig. 4 (A) Axial, (B) coronal, and (C) sagittal views showing frontal
fragment inside the RT sinus and obstructed FSOT.consequent infectious complications (8). Stanwix et al. also
reported that 98.5% of complicated cases of frontal sinus frac-
ture had FSOT injury (9).
FSOT obstruction is best managed surgically while obser-
vation is safe when the FSOT is intact (10). Maturo et al.
(11) found that not all displaced or comminuted fractures of
the sinus wall require surgical treatment if FSOT is patent
Fig. 4.
A selected group of patients with frontal sinus and FSOT
fracture may be managed with open repair of the anterior table
fracture without obliteration. In these cases, suspected FSOT
obstruction can be managed expectantly. Unsuccessful frontal
sinus ventilation may necessitate endoscopic frontal sinus sur-
gery to reestablish mucociliary clearance (5).sinus comminuted fracture anterior and posterior tables with bone
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of FSOT injury, particularly obstruction, plays a decisive role
in the surgical planning (9).
FSOT had been traditionally evaluated by both axial and
coronal CT scan views (7). Before the widespread accessibility
of high-resolution and more recently, multidetector CT, sev-
eral articles were published debating the need for direct sagittal
views, which required cumbersome positioning of the patients.
Nowadays, with the ability to easily create high-quality sagittal
reformations from reconstruction of the axial view requires
reassessment of the importance of this view in the evaluation
(12).
In all patients included in our study, the cause of frontal si-
nus fractures was motor vehicle accident and 89.5% of patients
were male, this is in agreement with the majority of previous
studies (1,5,7,9).
Isolated anterior table fracture was reported in 7/19
(36.8%) of patients and combined anterior and posterior table
fractures were reported in 12/19 (63.2%) No isolated posterior
fracture was noted in our cases and this was in accordance with
most of previous studies (7,13).
FSOT was surgically proved to be obstructed in three cases,
of which two had isolated anterior table fracture and one had
both anterior and posterior table fractures. These results are
dissimilar to a study of Jain et al. (7) who found that FSOT
obstruction is more common in posterior table fractures. But
FSOT obstruction may be related to the site and type of trau-
ma and comminution of fracture rather than which table was
fractured. This explanation is supported by the ﬁndings of
Stanwix et al. (9) who reported that 98% comminuted frontal
sinus fracture had obstructed FSOT.
In the current study, the patency of FSOT was clearly and
correctly demonstrated by sagittal CT and found to be the
same as operative ﬁnding (accuracy 100%) even in cases with
false appearance of obstructed FSOT on coronal CT 10.5%
(2/19) and axial CT 15.8% (3/19). So Sagittal view achieved
perfect sensitivity, speciﬁcity and accuracy in determination
patency of FSOT ﬁlling the false gags in axial and coronal
views preoperatively helping the proper surgical plan. This is
in agreement with the results of Jain et al. (7) and Gonty
et al. (14).
With improved scanning technology, multiplaner imaging
could be obtained from one scan adding diagnostic advantages
of each scan. Moreover, this additional sagittal images aid the
surgeons for better deﬁning fracture and FSOT patency than
other single view, by this means the preoperative planning
and reconstructive strategies were improved.
There was no additional time involved and no special posi-
tion was needed. There was no additional cost, either in the
way the CT scanner was used or in the need for extra ﬁlm,
as data were obtained and maintained electronically. These
ﬁndings support the suggestion of Lebowitz et al. (8) that
reformatted images do not subject patients to additional radi-
ation and the time to obtain these views is minimal.
The FSOT, having so much variability, cannot reliably be
seen unless one can actually visualize most of the pathway
on CT scan. This is not always possible with either coronal
or axial images. The coronal view has limitations in the anter-
oposterior dimension and can miss pathologic features. Simi-
larly, unless a patient has widely patent ducts, the reliability
of determining the duct versus ethmoidal air cells on axial
CT scan is doubtful.However the sagittal CT images provide invaluable infor-
mation as regards the patency of the nasofrontal ducts in
frontal sinus fractures. The ability of sagittal images to eval-
uate the frontal sinus in an anteroposterior dimension (the
usual vector of the injury) and in a superoinferior dimension
(the anatomic pathway of the ducts) is the reason for this
imaging advantage.
5. Conclusion
Sagittal reformatted CT images are very helpful and depend-
able in the radiologic evaluation of the FSOT in frontal sinus
fractures. Thus routine sagittal CT is recommended during the
evaluation of frontal sinus fracture.
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